Objective: It is still uncertain whether mild primary hyperparathyroidism (PHPT) carries the same risk for increased cardiovascular (CV) morbidity as the more severe symptomatic form. In recent years, the even more subtle normocalcemic (NC) variant is being increasingly recognized. We sought to compare the prevalence of CV risk factors in patients with NC-and hypercalcemic (HC)-PHPT, and to examine whether they differ on a battery of non-invasive vascular parameters. Design/subjects/methods: A retrospective study of two cohorts of patients with PHPT in a referral center: 32 subjects with NC-PHPT and 81 subjects with HC-PHPT, compared for the presence of clinical and biochemical risk factors, and CV morbidity. Non-invasive parameters of arterial stiffness (augmentation index; pulse wave velocity; and vascular compliance indices, C1 and C2) were extracted from the data of gender-and age-matched subsets of these patients, and were related to those of a group of matched control subjects. Results: Despite a similar prevalence of hypertension (w62%), hyperlipidemia (w30%), and impaired glucose metabolism in both PHPT groups, CV or cerebrovascular disease was more common in the HC-PHPT group (24.7 vs 3.1%, PZ0.007). Arterial stiffness parameters did not differ in the three groups, and were unrelated to serum calcium or parathyroid hormone concentration. Conclusions: NC-PHPT and HC-PHPT subjects exhibit similar high rates of traditional CV risk factors, and have comparable indices of arterial stiffness. The lower clinical CV morbidity observed with NC-PHPT remains unexplained, and requires confirmation. Until then, the CV risk associated with NC-PHPT should not be underestimated. 162 925-933 
Introduction
Asymptomatic primary hyperparathyroidism (PHPT) is said to be the third most common endocrine diagnosis, with an approximate annual incidence of 20/100 000 (1) . However, the most cost-effective way of treating mild, or the so-called, asymptomatic disease is still debated, and indications for surgery continue to evolve (2) .
Metabolic abnormalities that are conducive to cardiovascular (CV) morbidity are often seen in PHPT, and are felt to be more common than in the general population. While not entirely supported by the American data, excess CV mortality has been consistently reported among Scandinavian patients with PHPT (3) (4) (5) (6) . It has been argued that the excess mortality seen among patients with PHPT belongs to the era of severe symptomatic disease, whereas nowadays the disease is mostly recognized in a mild asymptomatic state characterized by lower serum calcium concentrations (2, 7) . Although there is some suggestion that the degree of hypercalcemia is directly correlated with the increased CV risk (8) , an atherogenic metabolic profile has been reported in patients with normocalcemic (NC)-PHPT (9) . The issue is further compounded by the lack of agreement in the literature over the possible amelioration of metabolic parameters, or the putative reversibility of hypertension and myocardial hypertrophy following successful surgery (2, 10) . Although surgery has been advocated for all patients with asymptomatic or mild PHPT as a means of reducing CV morbidity (11) , reliable current prospective data regarding the CV risk of patients with mild asymptomatic PHPT are lacking. Therefore, the role of surgery in this setting is debatable. In a 2-year follow-up, an ongoing Scandinavian study recently reported no improvement in CV risk factors among patients with mild PHPT randomly assigned to surgery compared with patients randomized to observation only (12) .
We recently reported the clinical characteristics of asymptomatic NC-PHPT (13) . As this is a fairly recently recognized entity that has emerged mostly as a result of bone density-screening procedures, our original report had focused on bone metabolism parameters and parathyroid pathology. However, we did report a high prevalence of metabolic abnormalities and hypertension among this elderly group of patients, but only one case of myocardial infarction over a follow-up period that lasted as long as 13 years.
The general aim of the present study was to further characterize the associated CV risk factors in these patients, and to compare them with those found in ageand gender-matched patients with mild hypercalcemic (HC)-PHPT. An additional specific goal was to analyze vascular function parameters to try and determine whether subjects with NC-PHPT differ from those with mild HC-PHPT, and/or from control subjects matched for age, gender, and the presence of CV risk factors.
Methods

Study design and patients
This was a retrospective, case-control study of unselected consecutive patients seen for a diagnosis of PHPT (ICD-9-CM code 252.01) at the Institute of Endocrinology at Tel Aviv, Sourasky Medical Center between 1998 and 2003. The original communication reported on a cohort of 32 patients with bona fide NC-PHPT, after potential causes of secondary hyperparathyroidism were actively excluded. Namely, vitamin D deficiency when present was actively corrected, deficient calcium intake was supplemented, and on the occurrence of significant hypercalciuria, a thiazide diuretic was administered. The subjects included are those in whom parathyroid hormone (PTH) levels remained elevated despite all these maneuvers (13) . In the current study, we also included 81 consecutive patients with mild HC-PHPT, who were seen in the department during the same period.
All relevant clinical and biochemical data were retrieved from the patients' charts in both entire cohorts. In addition, data from non-invasive vascular studies (methodology detailed below), available on a subset of subjects in both groups, were also retrieved, and compared to age-and gender-matched control subjects in whom a diagnosis of PHPT could be excluded. Such studies are offered to patients felt to carry diagnoses conveying a CV risk. As this is a retrospective study, subjects were not required to provide written informed consent, but the study received approval from the institutional ethical review committee.
Criteria for the diagnosis of associated metabolic abnormalities A diagnosis of hypertension was made either if a subject received antihypertensive medications or if the blood pressure in the clinic equaled or exceeded 140/90 mmHg on at least two occasions (14) . Hyperlipidemia was diagnosed as total cholesterol equal to or higher than 200 mg/dl or/and triglycerides equal to or higher than 150 mg/dl after a 12-h fast, or if the patient was being medicated for such a condition. Likewise, a diagnosis of diabetes was made using the current criteria (15) , or in patients treated with hypoglycemic drugs. Impaired fasting glucose was considered if two separate fasting glucose levels were above 100 mg/dl. A diagnosis of CV disease was either self-reported, or taken from a diagnosis appearing on a referral document. In some cases, a diagnosis was further substantiated by ancillary studies available for review such as discharge summaries, heart catheterization reports, or results of Doppler ultrasonographic studies of carotid or peripheral arteries.
Biochemical and hormonal determinations
All biochemical analytes were determined on a Hitachi 747 random-access analyzer or a Bayer Advia 1650 analyzer with identical analytical performances. The normal range for serum calcium was 8.5-10.5 mg/dl. Intact PTH (iPTH) was measured in cold plasma with a solid-phase, two-site chemiluminescent enzyme-labeled immunometric assay (immulite iPTH, Diagnostic Products Corporation, Los Angeles, CA, USA) with a reference range of 12-72 pg/ml. The serum concentration of 25(OH)-vitamin D was determined in serum with an in-house competitive protein-binding radioassay after lipid extraction preparative sephadex LH-20 chromatography (16) . Using this assay, which served for many years the central national vitamin laboratory, the results were stratified according to nationally validated norms that differ somewhat from the currently used references. Indeed, normal values for a young (mean age 41 years) and active Israeli population that included w50% of outdoor workers ranged from 23.4 G8.6 ng/ml in winter to 28.0G8.7 ng/ml in summer (17) . By this assay, vitamin D sufficiency was considered for concentrations in excess of 20 ng/ml, insufficiency lay between 15 and 20 ng/ml, whereas deficiency was any value below 15 ng/ml (18) . Serum concentrations of 1,25(OH) 2 -vitamin D were determined by a RIA (Dia Sorin, Stillwater, MN, USA); a normal value for this assay lies between 10 and 65 pg/ml.
Non-invasive vascular studies
Subjects were examined in the fasting state (at least 3 h before the examination). Examinees were requested to abstain from consuming caffeinated beverages on the day of the measurements. Subjects rested in silence in a supine position for at least 10 min in a quiet, temperature-controlled room.
All the studied patients underwent a battery of noninvasive assessments of arterial stiffness with a number of commercially available devices according to the recommended procedures (19) . The following were used for the assessments:
(i) The SphygmoCor System (AtCor Medical, Sydney, Australia). Pulse wave analysis (SphygmoCor) generates the augmentation index (AI), which is an indirect measure of arterial stiffness (20, 21) . Peripheral pressure waveforms were recorded from the radial artery at the wrist using applanation tonometry with a high-fidelity micromanometer (SPC-301; Millar Instruments, Houston, TX, USA). The AI derived from this technique was defined as the augmentation pressure divided by the pulse pressure, and was expressed as a percentage. As this index is affected by heart rate, the results were normalized for a heart rate of 75 beats/min.
(ii) The Complior device (Colson, Paris, France). Pulse wave velocity (PWV), a gold standard of large arterial stiffness measurement, is measured between the carotid and the femoral artery (Complior) (22, 23) . PWV was obtained transcutaneously over the right common carotid artery and the right femoral artery, and the transit time (T-time) was determined from the time delay (t) between the appearances of two feet of the corresponding waveforms. PWV was calculated from the measurements of the pulse transit time and the distance traveled by the pulse between two recording sites as PWVZD (meters)/transit time (seconds). The distance between the recording sites was measured with a tape over the surface of the body. (iii) Radial artery pulse wave analysis using CR-2000 (Hypertension Diagnostics, Eagan, MN, USA). Applanation tonometry (HDI, CR-2000) generates parameters of large (C1) and small (C2) artery compliance (24, 25) . The radial artery waveform was obtained with a sensor positioned over the artery, and was calibrated using an oscillometric method on the opposite arm. A beat-marking algorithm determined the beginning of systole, peak systole, onset of diastole, and end diastole for all beats in a 30-s measurement period. An average beat determination was constructed, and a parameter-estimating algorithm was applied to define a third-order equation that replicated the diastolic decay and waveform. Small artery elasticity or oscillatory components (C2 ml/mmHg!100) and large artery elasticity or capacitive components (C1 ml/mmHg!10) were then determined based on the modified Windkessel model. Blood pressure measurements were obtained on a validated, automated blood pressure monitor (Omron Healthcare, Bannockburn, IL, USA), with the radial artery kept at heart level during the measurement. 
Statistical analysis
Results
Hyperparathyroid patients' demographic, clinical, and biochemical data
Data of NC-and HC-PHPT patients at the time of presentation in our clinic are presented in Table 1 . Groups did not differ with respect to age or gender distribution.
Although iPTH levels were similar in both groups, by definition, the two groups differed significantly with regard to their serum calcium concentrations. This was also associated with a significantly higher urinary calcium excretion in the HC group (311G144 vs 242 G139 mg/24 h, PZ0.003). The proportion of patients with significant hypercalciuria (O300 mg/24 h) at presentation was significantly higher in the HC group (46%) than in the NC group (19%, PZ0.008). The two groups did not differ in their 25(OH)-vitamin D levels. If anything, there was a trend for a greater prevalence of vitamin D deficiency among patients with HC-PHPT (39% of those in whom it was measured). Nonetheless, vitamin supplementation was far more frequent among the NC-PHPT subjects, and so was calcium administration, in part a reflection of the attempts to lower PTH in these patients. Although this was not significant, there was clearly a trend for a more liberal use of thiazide diuretics in the NC patients in whom the risk of worsening hypercalcemia was not a concern (Table 2) .
Renal function assessed by creatinine clearance was preserved in the NC group, confirming the notion that the elevated iPTH was not a reflection of impaired kidney function in this group.
Follow-up duration following the diagnosis of PHPT was similar in both groups: 3.7G2.7 years in NC and 4.5G3.0 years in HC, PZNS. Not all NC-PHPT subjects included in the original study have since remained under our care. However, of those who did, none went on to develop hypercalcemia later on.
Associated metabolic and cardiovascular diagnoses
The prevalence of hypertension was high and identical in both groups. Indeed, two-thirds of all PHPT patients suffered from this condition. In addition to the strong association with hypertension, often viewed as a manifestation of the disease itself, diabetes or impaired fasting glucose and dyslipidemia have also been reported to be over-represented in PHPT. It is notable that although the rates of hypertension, glucose homeostasis abnormalities, and hyperlipidemia were identical in both groups (Table 2) , clinically manifest ischemic heart disease was significantly more prevalent in the HC cohort. When the frequencies of cerebrovascular and ischemic heart disease, both manifestations of vascular disease, were combined, the excess of CV morbidity in the HC group became highly significant (24.7 vs 3.1%, PZ0.007). It should be pointed out that none of the patients with a history of CV disease was referred for endocrine management close to the CV event or in relation to it. Finally, the co-occurrence of a metabolically relevant thyroid dysfunction could have affected the prevalence of overt CV disease; however, both hypothyroidism and hyperthyroidism were equally distributed in both groups.
Non-invasive vascular function assessment
For these studies, we retrieved the data of 13 NC-and 12 HC-PHPT patients. In addition, out of our database of vascular studies conducted during the same period and by the same operator (MY), we selected a group of 25 control subjects matched for age, gender, and the presence of CV risk factors (Table 3) . None of the subjects currently smoked, and all had normal thyroid function. All three groups were also matched for medications. With the exception of thiazide diuretic use which was exceptional in the HC-PHPT group (one subject only), the use of all other medications affecting the CV system was similar in all three groups. Notably, b-blockers were used by 33% of the HC-PHPT, 31% of the NC-PHPT, and 36% of the control subjects; calcium channel blockers were used by 33, 46, and 36% respectively. Likewise, statins were widely prescribed as 54% of the NC-PHPT, 58% of the HC-PHPT, and 64% of the control subjects were taking them at the time of the study. As these studies are not covered by insurers, the subjects who offered to undergo them were probably chosen because they were felt to have higher than average CV risk factors. As shown, both groups of patients and controls were well matched for the presence of risk factors. Likewise, the subgroups of PHPT subjects on whom vascular studies were performed were, by and large, representative of the entire cohort. The only significant difference was for the prevalence of hyperlipidemia among the HC-PHPT subjects, which was present in a little below a third of the entire HC cohort, but in two-thirds of the HC subjects who underwent the vascular assessment (P!0.001). In these subgroups too, despite a similar prevalence of CV risk factors, the patients with HC-PHPT had a higher rate of CV diseases, while none of the NC patients carried such a diagnosis (PZ0.048).
Given the apparent difference in CV morbidity between the PHPT groups, we hypothesized that hypercalcemia per se could play a role by affecting arterial stiffness and vascular plasticity. Our measurements included two parameters of arterial stiffness, the PWV and the AI. These were identical among the two PHPT subgroups and the control subjects (Fig. 1) . Interestingly, despite the presence of multiple vascular risk factors, the mean values for these parameters were relatively normal in all three groups. Likewise, the proportion of subjects with abnormal values (PWV O10 m/s or AIO40%) was equal in all three groups. The two indices of vessel compliance were also not different between the groups (Fig. 2) . C1, the large vessel elasticity index, was on average normal (O13.7 ml/mmHg!10). However, C2, the index of small artery elasticity, was low in all three groups, attesting to the presence of vascular bed compliance impairment (normalO5.5 ml/mmHg!100) in these subject groups.
By analyzing the entire database of vascular studies, we sought to identify correlations that might shed light on variables likely to be involved in the protection from CV morbidity seen in NC-PHPT subjects. However, the only correlations we found were, as expected, between the indices of arterial stiffness AI and PWV (rZ0.44, PZ0.019), and between the indices of arterial compliance C1 and C2 (rZ0.643, P!0.0001). By univariate analysis, we found the known inverse correlation between systolic blood pressure and C1 and C2, and a positive correlation with PWV and AI. All these indices were also significantly affected by increasing age. However, neither body mass index nor serum levels of calcium, phosphorus, or PTH were Table 3 Demographic, anthropometric, selected biochemical data, and associated cardiovascular risk factors in patients with normocalcemic-primary hyperparathyroidism (NC-PHPT) and hypercalcemic (HC)-PHPT and a group of non-PHPT control subjects selected to match the patients' population. Data are expressed as meanGS.D. For categorical variables, the absolute number is given with the rate as percentage in parentheses.
NC-PHPT
HC-PHPT Control P shown to affect any of the variables. Likewise, a stepwise multiple regression analysis and selection of the best subset in a model that adjusted for systolic blood pressure, age, gender, and the presence of diabetes failed to reveal any differences between the groups.
Discussion
In the present study, we first completed the metabolic characterization of a fairly newly recognized entity, NC-PHPT. We now show that with the exception of serum calcium and the degree of urinary calcium excretion, which are inherently lower in this group, both subsets of PHPT patients are essentially identical, particularly with respect to the presence of traditional CV risk factors. Given the patients' sample size, this study was not powered to confirm the alleged increased prevalence of metabolic risk factors in PHPT. However, the elevated rates of hypertension, dyslipidemia, and impaired glucose metabolism found in all PHPT subjects appear to exceed those found in the general age-matched Israeli population, but are in keeping with those found by Luboshitzky et al. in a recent study of PHPT subjects conducted in Israel (26, 27) . Given these risk factors, the prevalence of clinical CV manifestations in the HC-PHPT subjects is of no surprise. The lack of such in the NC-PHPT subjects was unexpected, particularly in view of the similar known duration of PHPT since diagnosis in both groups. Although this difference is intriguing, one cannot exclude it was a chance finding stemming from the limited sample size. In order to get some insight into some preclinical vascular characteristics that might differentiate the two PHPT groups, we examined a number of vascular function measurements obtained on subsets of PHPT patients and on a group of control subjects adequately matched for age, gender, and the presence of traditional CV risk factors. We found no tangible difference in any of the variables studied among the groups of subjects. With the exception of C2, a measure of small artery compliance, the parameters studied were not strikingly abnormal. Although NC-PHPT subjects were overrepresented in these studies (13/32 vs 12/81 in the HC-PHPT group), the fact that their data were not more favorable than those of the HC-PHPT subjects argues against a sampling bias. Preclinical abnormal vascular characteristics have been reported in patients with PHPT. An elevated AI that reflects increased arterial stiffness and correlates with CV risk (28) has been described in patients with mild PHPT (29) . In this report by Smith et al. AI was significantly higher in subjects with PHPT than in controls (36 vs 25%), and in a multiple regression analysis, these authors found serum calcium to be its strongest predictor. In a different study, Rubin et al. also reported a somewhat higher AI in PHPT subjects than in controls (28 vs 25%); however, although PHPT itself was an independent predictor of AI, like in our present study, serum calcium itself was not (30) . In yet another report, Barletta et al. showed that PWV, also a measure of arterial stiffness, was no different in subjects with mild PHPT than in age-and sex-matched controls. In this paper, subjects were very similar to those in our current study, and their PWV was also almost identical to that we observed. Significantly, it was identical in patients and controls (8.8G1.6 vs 8.2G3.5 m/s), and was likewise unaffected by surgery when studied again 6 months after correction of the metabolic abnormality (31) .
Decreased arterial compliance indices C1 and C2 derived from diastolic pulse contour analysis have also been associated with conditions that portend increased CV risk such as hypertension, smoking, and diabetes. The small artery compliance index C2, in particular, has been reported to be a sensitive marker of early vascular disease (32) . To our knowledge, these parameters have not been reported previously in subjects with PHPT. It is noteworthy that although no difference was noted between the groups studied, all three groups had reduced C2 as a reflection of the high rate of risk factors these subjects displayed.
Carotid intima-media thickness (IMT) was not routinely measured in our laboratory at the time these studies were conducted. Increased IMT, viewed as an early sign of atherosclerosis, has been inconsistently described in patients with PHPT (33-37), and it is unclear whether it is present in the absence of traditional risk factors. Furthermore, it appears not to be associated with the degree of hypercalcemia, and to be unaffected by parathyroid surgery (34, 36) .
A potential limitation of this study is that endothelial function was not investigated. It has been suggested that the endothelium, a recognized target organ for PTH, is the site through which chronically elevated PTH can induce hypertension, possibly by affecting the nitric oxide synthase system (38) . Relevantly, endothelial vasodilatory dysfunction, considered as an early event underlying atherosclerosis, has been documented in hyperparathyroidism. It has been suggested that endothelial dysfunction can be reversed by successful surgery (39) (40) (41) . However, it should be stressed that these studies could not distinguish between the effect of restoration of normocalcemia and that of the return of PTH to normal as the immediate reason for the improvement. In this respect, it is noteworthy that acute calcium infusion in normal volunteers can emulate the vasodilatory disturbances seen in PHPT, suggesting a direct role for calcium itself (42) . As our two cohorts of patients had similar concentrations of PTH, comparing their respective endothelial function parameters and relating them to serum calcium concentrations would have been a valuable adjunct to this study.
Finally, another obvious limitation of this study is its retrospective nature. Although arterial stiffness measurements were available only on subsets of patients, these subjects appeared to adequately represent their respective cohorts. As we anticipated to detect some of the abnormalities described in the literature, the fact that with the exception of C2, most of the measures were not grossly abnormal came somewhat as a surprise. This could generally be seen as evidence to the adequate medical treatment patients received. At any rate, the fact that similar arterial stiffness parameter results were obtained in all three groups is a strong argument against a sampling bias, and supports the idea that serum calcium level in itself is not a major determinant of any of them.
In summary, despite exhibiting the typical CV risk factors found in HC-PHPT, our cohort of NC-PHPT patients seemed to enjoy a relative protection from CV morbidity. This was not explained by the non-invasive arterial stiffness parameters examined in this study, as these were identical to those of HC-PHPT patients and those of normal controls, and were not correlated with serum calcium. A study that would assess the respective endothelial function of these subjects is needed. Finally, until prospective data are available on the natural cardiometabolic course in subjects with NC-PHPT, we believe that the low prevalence of CV disease found in the present study should not affect the therapeutic choices taken in this newly recognized condition.
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